Two new compounds, named (Z)-7,4'-dimethoxy-6-hydroxyaurone-4-O-β-glucopyranoside (1) and ()-4-O-(4-O-β-D-glucopyranosylcaffeoyl)quinic acid (2), were isolated from the endophytic fungus Penicillium citrinum of Avicennia marina. Their structures were elucidated on the basis of spectroscopic analysis. Additionally, compound 2 exhibited potent chemoreversal activity, mainly by inhibiting P-glycoprotein efflux pump function.
Marine-derived fungi have proved to be a rich source of active secondary metabolites with unique structures and diversified biological activities [1] . Mangrove plants grow in subtropical and tropical intertidal habitats [2] . Many compounds such as terpenoids, seiricuprolides, and anthraquinones have been isolated from either mangroves or mangrove-derived fungi, and some of these have exhibited antimicrobial, anti-inflammatory, and antiproliferative activities [3] . Flavonoids, glycosides, and terpenoids are the main constituents of Avicennia marina [4, 5] . This paper describes the isolation and characterization of a new aurone glycoside, (Z)-7,4'dimethoxy-6-hydroxyaurone-4-O-β-glucopyranoside (1) , as well as a new glucosylated caffeoylquinic acid isomer, ()-4-O-(4-O-β-Dglucopyranosylcaffeoyl)quinic acid (2) (Figure 1 ), from the endophytic fungus Penicillium citrinum of A. marina, and their biological activities were also examined.
Compound 1 was obtained as an orange-red amorphous powder. Its HR-ESI-MS (positive) gave the molecular formula C 23 H 24 O 11 . The 1 H NMR spectrum (Table 1) displayed two methoxy signals at δ 3.73 (3H, s, H-1'') and 3.56 (3H, s, H-2''), six signals of olefinic protons at δ 5.77 (1H, s, H-5), 7.65 (2H, d, J = 8.5 Hz, H-2', H-6'), 7.07 (2H, d, J = 8.5 Hz, H-3', H-5'), and 6.29 (1H, s, H-10), and signals of a glucose moiety at δ 3.13-4.85. The 13 C NMR spectrum exhibited 23 carbon signals, including one carbonyl, two methoxyls, six O-substituted carbons, and 14 olefinic carbons. With the 1 H, 13 C, and 2D NMR (HMBC, HSQC, and NOESY) data, compound 1 was deduced to be an aurone glucoside [5] . HMBC correlations were observed between H-1'' and C-4'; between H-2'' and C-7; between H-5 and C-4, C-6, C-7, and C-9; between H-10 and C-2, C-3, and C-1'; between H-2' and C-3'; between H-3' and C-1'; between H-6' and C-10 and C-4'; between H-Glc-1 and C-4 ( Figure 2 ), suggesting the structure, 7,4'-dimethoxy-4,6-dihydroxyaurone. The β configuration of glucose was confirmed by the coupling constant of the anomeric proton (δ 4.85, d, J = 7.5 Hz, H-Glc-1). The correlation between H-Glc-1 and C-4 (δ 156.5) in the HMBC spectrum indicated that the glucose unit was attached to C-4 of the aglycon. These assignments were further substantiated by the NOESY correlations between H-10 and H-2', 6', H-5, and H-Glc-1. The Z-stereochemistry at C-10 was determined by the chemical shift of C-10 (δ 103.3) according to reference summarized data [6] . Thus, compound 1 was elucidated as (Z)-7,4'-dimethoxy-6hydroxyaurone-4-O-β-glucopyranoside.
Compound 2 was obtained as a white amorphous powder. The molecular formula C 22 H 28 O 14 was indicated by HR-ESI-MS. The IR spectrum showed the presence of hydroxyl (3328 cm -1 ), carbonyl (1697 cm -1 ), a double bond (1627 cm -1 ), and an aromatic ring (1615, 1521 cm -1 ). The NMR spectrum of 2 ( Table 2) except for the presence of additional signals belonging to a βglucopyranosyl moiety, suggesting that 2 was a caffeoylquinic acid β-glucopyranoside [7] . This was confirmed by alkali hydrolysis of 2 with 2 N NaOH. From the hydrolysate, two products were isolated and identified by comparison of their specific rotation and spectral data with reported data [8, 9] . The linkage of the structure moieties was further deduced by analysis of 2D NMR data. The cross peaks Compound 1 showed weak chemoreversal activity on the nasopharyngeal carcinoma multidrug resistant KB cell line (KBvin), whereas compound 2 exhibited a potent chemoreversal effect on KBvin cells, showing 30-fold more potency than the positive control verapamil when used with vincristine (Table 3) . Moreover, 2 significantly inhibited P-gp efflux function ( Figure 3 ) and downregulated the expression of P-gp in KBvin cells (Figure 4 ). Fungal material: Endophytic fungus FJ-1, isolated from A. marina [10] , was identified according to its morphological characteristics and ITS region of the rDNA, and preserved in the Medical Research Center, Youjiang Medical University for Nationalities at −80˚C.
The producing strain was prepared on Martin medium and stored at 4˚C.
Fermentation, extraction, and isolation: The endophytic fungus
Penicillium citrinum was cultured on PDA at room temperature for 5 d. Two pieces of mycelial agar plugs (0.5 × 0.5 cm 2 ) were inoculated into 1000 mL Erlenmeyer flasks containing 350 mL potato dextrose broth. The flasks were shaken at 180 rpm at room temperature for 7 d, and then kept still at room temperature for 21 d. The culture broth (28 L) was filtered to give mycelia.
The mycelia was extracted with 95% EtOH under reflux, 3 times, and then concentrated under reduced pressure to yield a residue (32.9 g), which was subjected to CC eluted with CH 2 Cl 2 /MeOH (100:1 to 0:1) to give 12 fractions (Fr. 1-Fr. 12). Fr. 4 (1.8 g) was further subjected to CC eluted with light petroleum/Me 2 CO (1:1) to yield 4 sub-fractions (Fr. 4.1-Fr. 4.4). Fr. 4.3 (0.52 g) was further subjected to CC eluted with CH 2 Cl 2 /MeOH (10:1 to 0:1) and followed by recrystallization in MeOH to afford 1 (13.5 mg). Fr. 8 (1.5 g) was separated by RP CC over silica gel and eluted with a Cellular accumulation of calcein: KBvin cells (1 × 10 4 cells/well) were seeded in 96-well plates and treated with a 10 µM solution of compound for 1 h before adding 1 µM calcein-AM. Measurement of intracellular accumulation of calcein was performed on a fluorescence microplate reader (TECAN Polarion, UK) [11] .
Western blot analysis: After treatment, cells were harvested and washed twice with PBS. Total protein was isolated and quantified using the protein assay kit (Biyotime, China). Cell lysates in 5×SDS sample buffer were boiled for 5 min, and then equal amounts of protein (40 μg) were subjected to electrophoresis on 12%, v/v, SDSpolyacrylamide gel. After electrophoresis, proteins were electroblotted to a PVDF membrane. After blocking with PBST containing 5% dried skimmed milk at room temperature, the membranes were washed 3 times and incubated with the indicated primary antibodies at 4°C overnight, followed by incubating with the appropriate horseradish peroxidase-conjugated secondary antibody for 1 h. After incubation, membranes were washed 3 times, and the antigen-antibody complexes were visualized by the enhanced chemiluminescence system (PerkinElmer).
